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Background:  When  steel  fibers  are  randomly  dispersed  in  a 
concrete  or  mortar  mix,  the  properties  of  the  basic  material  are 
altered.  Flexural,  compressive  and  shear  strengths  are  increased, 
impact  resistance  and  fatigue  life  are  improved,  and  post  cracking 
behavior  is  considerably  modified.  These  improved  properties  have 
resulted  in  the  widespread  use  of  ste.el  fiber  concrete  in  pavements 
and  pavement  overlays,  refractories  and  precast  units.  However,  the 
use  of  the  material  in  structural  applications  has  been  confined  to 
small  scale  members.  Insufficient  research  has  been  accomplished  to 
provide  reliable  design  criteria  for  large  scale  structural  applica- 
tions. Henager  (1)  has  demonstrated  that  steel  fibers  in  beams 
8"  x 12"  x 144"  (203  x 304  x 3658  mm)  contribute  to  the  ultimate 
strength  of  the  beam,  while  Swamy  and  Al-Noori  (2)  have  shown  that 
steel  fibers  can  be  used  in  large  members,  6"  x 9"  x 90"  (152  x 228  x 
2286  mm),  to  produce  composite  beams.  Williamson  and  Knab  (3)  demon- 
strated that  steel  fibers  substituted  for  shear  reinforcing  in  full 
scale  beams  can  increase  the  shear  strength  of  the  concrete  suffi- 
ciently to  allow  the  beam  to  exceed  the  ultimate  design  moment, 
however  the  beam  did  not  achieve  the  desired  flexural  failure. 


Although  it  has  never  been  proposed  that  steel  fibers  replace 
conventional  reinforcing  in  full-scale  structural  sections,  it  has 
been  sufficiently  demonstrated  that  steel  fibers  can  contribute  to 
the  overall  structural  capacity  of  large  members.  This  study  is 
directed  toward  a better  character i xation  of  the  contribution  steel 
fibers  can  make  in  structural  members. 
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Obj  ectjvo : the-  objective  of  this  invest  i gat  ion  was  to  deter- 
mine the  feasibility  of  replacing  shear  reinforcement  (stirrups) 
with  randomly  distributed  steel  fibers  for  the  prevention  of  diagonal 
tension  (shear)  failure  in  full-scale  conventionally  reinforced 
concrete  beams.  y 

Approach : This  study  was  accomplished  in  two  phases.  Phase 
1 (3)  involved  four  full-scale  conventionally  reinforced  concrete 
beams  designed  in  accordance  with  AC1  Code  31S-71.  Kach  beam  was 
the  same  size  and  contained  an  equal  amount  of  flexural  steel.  One 
beam  had  no  shear  reinforcement,  one  contained  stirrups  and  two  wore 
made  with  straight  steel  fibers  as  a replacement  for  stirrups. 

Phase  II  consisted  of  two  additional  fiber  concrete  beams 
similar  to  the  first  four  except  that  a deformed  fiber  was  used  as 
shear  reinforcement  rather  than  the  straight  fiber.  The  mix  design 
for  Phase  i is  given  in  Table  1 together  with  the  strength  properties 
of  the  concretes.  The  beam  cross-sections  and  loading  arrangements 
art'  shown  in  Fig.  1. 

Review  o(  Results  of  Phase  1:  The  results  jot  the  Phase  1 
tests  are  given  in  Table  2,  where  the  design  moments  and  shear 
stresses  are  compared  to  the  actual  values.  The  beam  with  no  shear 
reinforcement  attained  . moment  only  72  percent  of  the  design  value. 
The  beam  with  stirrups  had  reached  a value  27  percent  greater  than 
the  design  value  and  still  had  not  failed,-  though  failure  was  immi- 
nent. The  two  beams  with  steel  fibers  as  shea i reinforcement 
attained  moments  8 percent  and  1.1  percent  in  excess  of  the  design 
moments . 

The  beam  without  shear  reinforcement  developed  an  average  shear 
strength  equal  it)  the  design  value.  At  this  point  the  beam  failed 
catastrophically  in  shear  as  was  expected  (Fig,.  2).  The  beam  with 
stirrups  reached  an  average  shear  stress  61  percent  in  excess  of  the 
design  value,  and  although  the  beam  contained  numerous  diagonal  ten- 
sion cracks,  the  beam  did  not  fail;  but  there  is  no  doubt  that  it 
would  have  failed  in  flexure,  had  the  capacity  of  the  .loading  machines 
not  been  exceeded.  The  two  beams  with  fibers  as  shear  reinforcement 
developed  shear  stresses  47  percent  greater  than  the  design  value 
before  the  beams  tailed  catastrophically  in  shear  (Fig.  3). 

The  main  conclusion  that  can  be  derived  from  these  data  is 
that  steel  fiber  concrete  can  develop  sufficient  shear  strength  for 
the  beam  to  exceed  tilt  ultimate  design  moment  capacity.  However,  the 
shear  strength  was  not  sufficient  to  force  a tloxural  failure. 
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Table  1 


Design  Mix  , 

and  St reng 
l’hase  1 

t h 1’ropert  i e: 

* 9 

Mater i 

al 

yd3,  lbs 

m3,  kg 

Cement 

572 

340 

Saiul 

1485 

882 

3/8”  ( 

10  nun)  aggregate 

1485 

882 

Wat er , 

plain  eonerete 

352 

209 

Wat er , 

t ib rous  eonerete 

393 

233 

Fibers 

220 

130 

Ail- 

4-6% 

4-6% 

Water 

reducer 

per  infg . 

reeoitimendat  i ons 

Strength  Projpi 

■ rt  i es 

Age,  days 

ps  i 

MPa 

Plain  Cone  la. 

LC* 

Comp  re 

ssion 

29 

4660 

32.  1 

FI  exm 

al 

34 

530 

3.65 

S]>  1 i t t 

ing 

30 

487 

3 . 36 

Fiber  Cone  re 

t e 

Comp re 

ss  i on 

34 

4130 

28.5 

Flexor 

at 

35 

694 

4.78 

Spli tt 

ing 

35 

499 

3.44 

*Compression  values  are  the  average  of  9 tests.  All  others  are  the 
average  of  3. 
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305mm 
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d : 18 
457  mm 


NO  SHEAR  REINFORCEMENT 


job 


Tcfr 


*b 


W1  OOO 

-ttb  o QO. 


H i.5"  clear 

38  mm 


*4(0)6" 

152  mm 

WITH  SHEAR  REINFORCEMENT 


BEAM  CROSS-SECTIONS 


u-i-o 

~ 0.3  m 


LOADING  ARRANGEMENT,  PHASE  Z 
FIG.  1 Beam  Cross-Sect  ions  and  Loading  Arrangement 


Results  of  Bean  Tests,  Phase 
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All  lour  ul  till'  beams  developed  visible  diagonal  tension 
crack:;  at  very  low  loads,  approximately  50  percent  ot  ultimate.  It 
was  reasoned  that  il  a pro. Her  post  cracking  strength  could  he  devel- 
oped by  1 lu'  libers,  then  perhaps  sufficient  shear  strength  could  be 
developed  to  force  the  beams  to  fail  in  flexure.  Previous  work  had 
shown  that  concrete  rude  with  deiormed  libers  will  develop  a greater 
post  cracking  strength  than  t lt.it  made  with  straight  fibers.  As  a 
result  of  these  ubserv.it  ions,  two  additional  tests  were  designed 
using  a liber  with  detained  ends.  these  tests  constituted  Phase  II 
o I t 111'  ■ t lid  v . 


PH ASK  I 1 

Materials  and  P. '.'orient  ion:  The  steel  fibers  used  were  Dramix 
/.('  50/50  manufactured  by  Bekaert  SA.  ’Hie,  fibers  are  0.02  x 2.0 
inches  f0. 5 \ 50  ram)  and  are  deformed  at  the  ends  (1  jg.  4).  The 
ultimate  st length  of  the  fibers  is  in  excess  of  200,000  ps  i (1)79 


MPa)  . 

The  main  reinforcing 

sti 

i'l  was 

A S TM 

\nl 

5 Or 

ode 

60  with  f 

V 

64  ksi 

(441  MPa)  for  beam  No 

. 5 

and  fv 

= 7 

2 ks 

;i  (4 

96 

MPa)  foi  15 

earn 

No . 6 . 

The  concrete  was.  spe 

c i 1 

ie  d t o 

be  5000 

ps  i 

( 34 

.5  MPa)  at 

28 

days , 

however,  poor  control 

at 

the  hat 

ch  p 

i ant 

can 

sed 

the  eoncr 

etc 

st  ri  ng 

;ths  to  vary  for  the  di 

1 t e 

rent  he 

ams  . 

Th 

c co 

no  r 

et  e des  i gr. 

mix 

and  s l 

rcnp.th  parameters  are 
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el  in  T 

able 
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1 he 

be 

ams  were 

fabr  i c 

at cd  in  oiled  plywood 

l or 

ms  us  i m;  }>r 

i mar 

■1.1  y 

ext 

ornal  \ i !> i* 

at  i on 

They  were  cured  at  room  temperature  by  coat  ing  vi t h a curing  com- 
pound. Cylinder  and  beam  specimens  were  cured  in  the  same  manner 
alongside  tin1  beams . the  concrete  strength  values  shown  in  l'.xble  J 
are  those  obtained  on  the  same  days  that  the  beams  were  tested. 

Test  ing:  The  beams  of  Phase  11  were  tested  on  a 21 ’-0" 

(b.4  n0  span  with  the  main  loading  actuators  at  the  third  points  as 
shown  in  Fig,.  I,  For  these  tests.,  the  loading  was  upward,  while  lor 
the  Phase  I tests,  the  loading  was  downward;  otherwise,  there  was  no 
difference.  A third  actuator  was  placed  at  the  center  of  the  beams 
for  use  when  the  capacity  of  the  main  actuators  was  exceeded.  load- 
ing, was  accomplished  with  a COS  system.  IV f lections  were  obtained 
by  Physj tech  and  dial  gages.  Readings  were  taken  at  10  kip  (44.5 
kN)  intervals;  closer  when  required.  Kxcept  for  the  dial  gages,  all 
values  were  recorded  through  digital  readout  equipment.  Shear 
strains  at  various  locations  wore  obtained  for  Beam  No.  6 with  SR-4 
strain  gag.es. 
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MG.  A Left  - F.S.  Stool  "Fibe.rcon"  Straight  Steel  Fibers  Use 
Beams  No.  3 and  A. 

Bight  - NV  Bekaort  SA  "Dramix"  Crimped  Ktid  Steel  Fillers 
in  Beams  No.  5 and  6. 
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Resu It-:  Tab'  > 4 compares  the  design  values  ol  the  moments 

and  shear  stresses  with  the  values  obtained  from  the  tests  o!  the 
two  beams.  Beam  No.  5 achieved  ‘<7  percent  of  the  design  moment, 
while  Beam  No.  6 reached  a moment  one  percent  greater  than  the  design 
moment.  Both  beams  failed  in  flexure  by  first  yielding  of  the  rein- 
forcing steel  followed  by  crushing  of  the  concrete.  failure  was 
gradual  in  both  cases,  extending  over  several  minutes. 

The  average  shearing  stresses  in  Beam  No.  5 were  45  percent 
greater  than  the  design  value.  This  is  consistent  with  the  values 
of  Beams  No.  3 and  4 of  Phase  1,  except  for  the  tact  that  they 
failed  as  a result  of  diagonal  tension  cracks,  while  Beam  No.  5 
had  only  one  visible  diagonal  tension  crack »even  at  the  point  of 
failure.  Beam  No.  b developed  an  average  shear  stress  67  percent 
greater  than  the  design  value,  with  only  one  hairline  diagonal  ten- 
sion crack  in  the  beam.  This  crack  developed  at, a stress  of  approxi- 
mately 245  psi  (1.69  MPa)  but  remained  closed  through  the  point  of 
failure.  Again,  the  failure  of  Beam  Mo.  6 was  gradual,  with  yield- 
ing of  the  tension  steel  first,  followed  by  gradual  crushing  of  the 
concrete  (Fig.  5). 

Fig.  6 shows  the  load-centerline  deflection  curve  for  four  of 
the  beams.  It  can  be  seen  that  neither  the  fibers  nor  the  stirrups 
influenced  the  stiffness  of  the  members.  The  remaining  two  beams  had 
similar  curves. 

Strain  gages  were  placed  at  opposite  sides  of  the  beam  at  mid- 
depth  and  at  45°  to  the  long  axis,  in  the  theoretical  direction  of 
the  diagonal  tension.  The  gages  were  38"  (l|65  mm)  from  the  support, 
in  the  region  of  constant  shear.  Measured  values  for  the  two  gages 
were  .000098  and  .000095,  respectively. 

Discuss  ion : The  resul  ts  shown  in  Tables  2 and  4 show  good 
agreement  with  the  fiber  concrete  beam  moments  theoretically  deter- 
mined by  standard  AC1  Code  design  procedures  and  those  obtained 
experimentally.  The  actual  values  ranged  from  3 percent  below  to  10 
percent  above  the  calculated  values.  This  indicates  that  no  special 
design  procedures  are  required  when  using  fibers  as  shear  reinforce- 
ment . 


The  average  shear  stresses  developed  by  the  beams  with  fibers 
ranged  from  40  to  67  percent  greater  than  the  shear  stress  developed 
by  the  plain  concrete.  These  stresses  were  sufficient  to  force  the 
beams  to  fail  in  flexure  for  those  that  were  made  with  the  crimped 
end  fibers. 
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The  load-deflection  curves  of  Fig.  6 indicate  that  the  fibers 
have  no  effect  upon  the  stiffness  of  the  beams.  This  is  in  contrast 
to  what  can  be  expected  when  steel  fibers  arc  used  in  small  members. 
Both  the  stiffness  and  ductility  can  be  considerably  affected  by  the 
presence  of  fibers,  especially  for  small  beams. 

The  strains  measured  by  the  gages  indicate  a maximum  shear 

stress  25  percent  greater  than  the  average  shear  stress.  This  is 

based  upon  a Young's  modulus  derived  from  the  procedure  given  in  the 

AC1  Code,  where  E = 57000  (f)v.  Although  tire  interaction  of 

c. 

stresses  due  to  shear  and  flexure  are  not  clearly  defined  in  a rein- 
forced concrete  beam,  it  would  be  expected  that  the.  maximum  stress 
would  occur  at  mid-depth  as  found  here. 

Conclusions^^.  The  following  conclusions  are  based  upon  the 
use.  of  steel  fibers  with  deformed  ends  (Dramix)  to  replace  stirrups* 
in  full-scale  reinforced  concrete  beams  loaded  with  concentrated 
forces . 


(1)  Steel  fibers  can  be  used  to  replace  stirrups  in  beams 
with  no  reduction  in  the  ultimate  design  moment  capacity, 

(2)  Steel  fibers  increase  the  shear  strength  of  concrete 
beams  sufficiently  to  prevent  catastrophic  diagonal 
tension  failure,  while  iorcing  the  beam  to  fail  in 
flexure’, 

(3)  AC  I Code  procedures  can  be  used  without  modification 
to  design  reinforced  concrete  beams  that  contain 
steel  fibers  as  shear  reinforcement ’ 

(4)  bow  volume  percentages  of  s tee]  fibers  have  no  effect 
upon  the  stiffness  of  full-scale  beams  Cl  , 

(5)  This  study  indicates  that  steel  fibers  present  a 
potentially  more  economic  alternative  to  the  use  of 
stirrups  in  reinforced  concrete  design. 
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